Reconstituted human erythrocyte sugar transporter activity is determined by bilayer lipid head groups.
The effects of bilayer lipid head group on human erythrocyte passive sugar transport protein activity were examined by reconstituting the transporter into bilayers of large unilamellar vesicles (LUVs) formed from lipid classes of identical (or similar) acyl chain composition. Two reconstituted transport parameters were measured as a function of temperature. These were Km and turnover number [Tn = Vmax per reconstituted D-glucose-sensitive cytochalasin B binding site (transport molecule)]. Tn for sugar transport was found to be almost entirely a function of the properties of the bulk lipid composition of the reconstituted LUVs. It was found to be independent of both reconstituted transporter density and small amounts (less than or equal to 3%) of endogenous red cell lipids. With the dimyristoylphospholipids, Tn increases at all temperatures in the order phosphatidylcholine less than phosphatidylglycerol less than phosphatidic acid less than phosphatidylserine (at 50 degrees C, Tn for transport in dimyristoylphosphatidylcholine is 100-fold lower than Tn for transport in dimyristoylphosphatidylserine). Similar results are found with egg yolk derived lipids. Only dimyristoyl- and dipalmitoylphosphatidylcholine bilayers are incapable of supporting detectable transport activity at temperatures below the bilayer phase transition, and only the phosphatidylcholines show a clear increase in Tn during the bilayer melt. All other bilayer systems studied (phosphatidic acid, phosphatidylglycerol, phosphatidylserine, and sphingomyelin) support a small or negligible increase in Tn during the bilayer melt, the major change in transport being restricted to altered Km. With the disaturated phosphatidylglycerols (C14-C18), Tn and the activation energy (Ea) for reconstituted transport increase with acyl chain carbon number. Similar results are found with the phosphatidylcholines. Transport in bilayers formed from egg yolk sphingomyelin (a lipid containing a sphingosine rather than a glycerol backbone) is characterized by very high Km and low Tn parameters. Moreover, protein-mediated transport in sphingomyelin bilayers "spikes" during the bilayer phase transition. These and previous findings [Carruthers, A., & Melchior, D.L. (1984) Biochemistry 23, 6901-6911; Connolly, T.J., Carruthers, A., & Melchior, D. L. (1985) Biochemistry 24, 2865-2873] indicate that those bilayer factors influencing reconstituted sugar transporter activity are, in order of importance, lipid head group greater than lipid acyl chain length and saturation/unsaturation greater than lipid backbone greater than bilayer "fluidity".